Effect of whole-brain irradiation on the specific brain regions in a rat model: Metabolic and histopathological changes.
Effect of ionizing radiation on the brain affects neuronal, glial, and endothelial cell population and lead to significant morphological, metabolic, and functional deficits. In the present study we investigated a dose- and time-dependent correlation between radiation-induced metabolic and histopathological changes. Adult male Wistar rats received a total dose of 35Gy delivered in 7 fractions (dose 5Gy per fraction) once per week in the same weekday during 7 consecutive weeks. Proton magnetic resonance spectroscopy (1H MRS), histochemistry, immunohistochemistry and confocal microscopy were used to determine whether radiation-induced alteration of the brain metabolites correlates with appropriate histopathological changes of neurogenesis and glial cell response in 2 neurogenic regions: the hippocampal dentate gyrus (DG) and the subventricular zone-olfactory bulb axis (SVZ-OB axis). Evaluation of the brain metabolites 18-19 weeks after irradiation performed by 1H MRS revealed a significant decrease in the total N-acetylaspartate to total creatine (tNAA/tCr) ratio in the striatum and OB. A significant decline of gamma-aminobutyric acid to tCr (GABA/tCr) ratio was seen in the OB and hippocampus. MR revealed absence of gross inflammatory or necrotic lesions in these regions. Image analysis of the brain sections 18-21 weeks after the exposure showed a radiation-induced increase of neurodegeneration, inhibition of neurogenesis and strong resemblance to the reactive astrogliosis. Results showed that fractionated whole-brain irradiation led to the changes in neurotransmission and to the loss of neuronal viability in vivo. Metabolic changes were closely associated with histopathological findings, i.e. initiation of neuronal cell death, inhibition of neurogenesis and strong response of astrocytes indicated development of late radiation-induced changes.